GAS DIELECTRIC STRUCTURE FORMING METHODS 

DESCRIPTION 



BACKGROUND OF THE INVENTION 
[Paral] Technical Field 

[Para 2] The present invention relates generally to semiconductor structures, 
and more particularly, to methods of forming a gas dielectric structure for a 
semiconductor structure. 

[Para 3] Related Art 

[Para 4] In order to enhance semiconductor chip operational speed, 
semiconductor devices have been continuously scaled down in size. 
Unfortunately, as semiconductor device size is decreased, the capacitive 
coupling between conductors in a circuit tends to increase since the capacitive 
coupling is inversely proportional to the distance between the conductors. 
This coupling may ultimately limit the speed of the chip or otherwise inhibit 
proper chip operation if steps are not taken to reduce the capacitive coupling. 

[Para 5] The capacitance between conductors is also dependent on the 
insulator, or dielectric, used to separate the conductors. Traditional 
semiconductor fabrication commonly employs silicon dioxide (SiOz) as a 
dielectric, which has a dielectric constant (k) of approximately 3.9. One 
challenge facing further development is finding materials with a lower 
dielectric constant that can be used between the conductors. As the dielectric 
constant of such materials is decreased, the speed of performance of the chip 
is increased. Some new low-k dielectric materials that have been used to 
provide a lower dielectric constant between conductors include, for example, 
fluorinated glass and organic materials. Unfortunately, provision of newer 
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low-k dielectric materials presents a number of new challenges, which 
increase process complexity and cost. 

[Para 6] Implementation of organic materials to reduce the dielectric 
constant also reduces the overall back-end-of-line (BEOL) capacitance. 
Unfortunately, organic materials suffer from temperature limitations, 
shrinkage or swelling during manufacturing or chip operation, and poor 
structural integrity. Instead of using SiOz and organic materials, another 
approach is to implement gas, such as air, which is provided in the form of a 
gas dielectric structure in a semiconductor structure. Simple capacitance 
modeling of parallel wires shows that even a small air-gap near the wire 
results in a significant improvement in the overall dielectric constant (k) for a 
structure, e.g., a 1 0% air gap per edge will reduce the effective dielectric 
constant of a dielectric by approximately 1 5%. Current processing for 
implementing gas dielectric structure, however, is fairly complex and cannot 
be easily integrated into conventional damascene wire formation. Damascene 
wire formation is a process in which interconnect metal lines are delineated in 
dielectrics isolating them from each other following lithography and etching by 
means of chemical-mechanical planarization (CMP). In this process, an 
interconnect pattern is first lithographically defined in the layer of dielectric, 
metal is then deposited to fill resulting trenches and then excess metal is 
removed by means of chemical-mechanical polishing (planarization). Typically 
gas dielectric formation requires additional masking layers for reactive ion 
etching (RIE) processing steps relative to damascene wire formation. In 
addition, application of simple gas dielectric structures tends to create sagging 
of long line conductors as well as producing poor structural stability. 

[Para 7] Accordingly, a need has developed in the art for an improved 
method of forming a gas dielectric structure for a semiconductor structure. 



SUMMARY OF THE INVENTION 
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[Para 8] The invention includes methods of forming a gas dielectric structure 
for a semiconductor structure by using a sacrificial layer. In particular, one 
embodiment of the invention includes forming an opening for semiconductor 
structure in a dielectric layer on a substrate; depositing a sacrificial layer over 
the opening; performing a directional etch on the sacrificial layer to form a 
sacrificial layer sidewall on the opening; depositing a first liner over the 
opening; depositing a metal in the opening; planarizing the metal and the first 
liner; removing the sacrificial layer sidewall to form avoid; and depositing a 
cap layer over the void to form the gas dielectric structure. The invention is 
easily implemented in damascene wire formation processes, and improves 
structural stability. 

[Para 9] A first aspect of the invention is directed to a method of forming a 
gas dielectric structure for a semiconductor structure, the method comprising 
the steps of: forming an opening for semiconductor structure in a dielectric 
layer on a substrate; depositing a sacrificial layer over the opening; performing 
a directional etch on the sacrificial layer to form a sacrificial layer sidewall on 
the opening; depositing a conductive liner over the opening; depositing a 
metal in the opening; planarizing the metal and the conductive liner; removing 
the sacrificial layer sidewall to form a void; and depositing a cap layer over the 
void to form the gas dielectric structure. 

[Para 1 0] A second aspect of the invention is directed to a method of forming 
a gas dielectric structure for a semiconductor structure, the method 
comprising the steps of: performing a dual damascene process to form an 
opening including at least one wiring opening and at least one via in a 
dielectric layer on a substrate; depositing a sacrificial layer over the opening; 
performing a directional etch on the sacrificial layer to form a sacrificial layer 
sidewall; depositing a conductive liner over the opening; depositing a metal in 
the opening; planarizing the metal and the conductive liner; removing the 
sacrificial layer sidewall to form a void; and depositing a cap layer over the 
void to form the gas dielectric structure. 

[Para 11] A third aspect of the invention is directed to a method of forming a 
gas dielectric structure for a semiconductor structure, the method comprising 
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the steps of: performing a via-first dual damascene process to form an 
opening including at least one wiring opening and at least one via in a 
dielectric layer on a substrate; depositing a non-conductive liner over the 
opening; depositing a sacrificial layer over the opening; performing a 
directional etch on the sacrificial layer to form a sacrificial layer sidewall; 
depositing a conductive liner over the opening; depositing a metal in the 
opening; planarizing the metal and the conductive liner; removing the 
sacrificial layer sidewall to form a void that extends along a side of the at least 
one via; and depositing a cap layer over the void to form the gas dielectric 
structure. 

[Para 1 2] The foregoing and other features of the invention will be apparent 
from the following more particular description of embodiments of the 
invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[Para 13] The embodiments of this invention will be described in detail, with 
reference to the following figures, wherein like designations denote like 
elements, and wherein: 

[Para 1 4] FIGS. 1 -7 shows steps of methods of forming a gas dielectric 
structure for a semiconductor structure according to the invention. 

[Para 1 5] FIG. 8 shows an alternative step of the methods. 

[Para 1 6] FIG. 9 shows an alternative step of the methods. 



DETAILED DESCRIPTION OF THE INVENTION 

[Para 1 7] Referring to FIGS. 1 -9, methods of forming a gas dielectric structure 
for a semiconductor structure will now be described. 
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[Para 1 8] As shown in FIG. 1 , a substrate 1 00, e.g., bulk silicon or silicon-on- 
insulator (SOI), with any typical conductor line 1 1 0 or active area, etc., 
patterned therein Is provided. A dielectric layer 1 20 is also deposited thereon. 
Dielectric layer 1 20 can include any of numerous dielectric materials including 
but not limited to: silicon dioxide (Si02), fluorinated Si02, Silk™ available from 
Dow, SiCOH (carbon-doped oxide). Black Diamond™ available from Applied 
Materials, etc. A hard mask layer 1 30 can also be deposited on top of 
dielectric layer 1 20. Hard mask layer 1 30 can include any of numerous hard 
masks including but not limited to: SiOz, silicon nitride (SIN), oxynitride, blok, 
n-blok, etc. 

[Para 1 9] As shown in FIG. 2, a first step includes forming an opening 1 32 for 
a semiconductor structure in dielectric layer 1 20 on substrate 1 00. As 
illustrated, in one embodiment, the forming step includes opening 1 32 with at 
least one wiring line opening 1 34 and at least one via 1 36 by patterning wiring 
line areas 1 34 and via areas 1 36 into dielectric layer 1 20 and hard mask layer 
1 30, and etching to form opening 1 32. This step may be implemented by any 
conventional dual damascene processing. Alternatively, it should be 
recognized that this step could be implemented using a single damascene 
processing. 

[Para 20] Next, as shown in FIG. 3, a sacrificial layer 1 50 is deposited over 
opening 1 32. Sacrificial layer 1 50 can include any of numerous materials. In 
one embodiment, where wiring is to be copper, sacrificial layer 1 50 includes: 
aluminum (Al), SiOz or titanium (Ti). However, other materials may be used. 

[Para 21] FIG. 4 shows a next step in which a directional etch is conducted on 
sacrificial layer 1 50 (FIG. 3) to form a sacrificial layer sidewall 1 60. This step 
leaves sacrificial layer on sidewalls of wiring line areas 1 34 and via areas 1 36, 
but removes it from the bottom of wiring line areas 1 34 and via areas 1 36. 
The directional etch can be conducted according to any conventional process. 

[Para 22] Referring to FIG. 5, a conductive liner 1 70 is then deposited over 
opening 1 32. Conductive liner 1 70 can include but is not limited to tantalum 
(Ta), tantalum nitride (TaN), titanium (Ti), titanium nitride (TIN), tungsten (W), 
niobium (Nb), etc. Conductive liner 1 70 can be formed as a single liner or a 
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multi-layer liner of one or more materials. FIG. 5 also shows depositing a 
metal 1 80 in opening 1 32 to form wires 1 37 and/or vias 1 38. Metal layer 1 80 
can include any of numerous metal layers including but not limited to: copper 
(Cu), aluminum (Al), gold (Au), silver (Ag), or alloys thereof. As also shown in 
FIG. 5, conductive liner 1 70 and metal 1 80 are planarized, e.g., by chemical 
mechanical polishing (CMP), to form patterned dual damascene structures. 

[Para 23] Next, as shown in FIG. 6, sacrificial layer sidewall 1 60 is removed to 
form a void 1 90 adjacent a wire 1 37 and/or a via 1 38 (see FIG. 9). Removal 
may be by a wet or dry selective etch from wire 1 37 sides to form air gap 1 90. 
In one embodiment, the removing step may include etching the sacrificial 
sidewall layer using one of: a) water (H2O) and sodium hydroxide (NaOH); b) 
water (H2O) and hydrofluoric acid (HF); and c) HF and hydrochloric acid (HCI). 
Where H2O and NaOH are used as an etchant, the ratio of H2O to NaOH is 
preferably no greater than approximately 1 0:1 and no less than 1:1. The 
following table shows some illustrative materials that can be used as sacrificial 
layer 1 50, dielectric layer 1 20 and etchants. Each etchant is selective to the 
other contact points. The sacrificial layer and etchant materials are not limited 
to these and can be one of countless combinations. This table is just an 
illustrative example. 



Sacrificial Layer 


ILD 


Etchant 


aluminum (Al) 


silicon dioxide (SiOi) 


H2O + NaOH (10:1) 


aluminum (Al) 


Si02 


H2O + NaOH (1:1) 


SiOi 


low-k material 


H20 + HF(1:1) 


Si02 


low-k material 


HF + HC1(1:1) 



[Para 24] As shown in FIG. 7, a final step includes depositing a cap layer 200 
over void 1 90 (FIG. 6) to form a gas dielectric structure 202. As shown in FIG. 
7, cap layer 200 does not extend far into air gap structure 202. 

[Para 25] FIG. 8 illustrates a gas dielectric structure 204 including an 
alternative embodiment in which a non-conductive liner 140 is formed within 
opening 1 32, which is deposited prior to deposition of the sacrificial layer (see 
FIG. 2). In this case, sacrificial layer 1 50 is deposited next to non-conductive 
layer 1 40, and conductive liner 1 70 is adjacent wire 1 37 and/or via 1 38. Non- 
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conductive liner 140 may include, for example, silicon nitride (Si3N4), silicon 
dioxide (SiOz) or other insulating materials. 

[Para 26] it should be understood that the same benefit can be obtained with 
a single damascene process in which the line and vias are formed in separate 
process steps. In this case, the air gap structure would be present at both via 
and line levels. 

[Para 27] FIG. 9 shows an embodiment in which a via-first dual damascene 
application is used. In this case, void 1 90 extends along a side of at least one 
via 1 38, such that an extended gas dielectric structure 206 is formed. 
Accordingly, in cases where a via-first dual damascene process is 
implemented, the invention allows for void 1 90 and thus gas dielectric 
structure 206 to be formed in via 1 38. FIG. 9 also shows the optional non- 
conducive liner 140, which is not required. 

[Para 28] The above-described methods can be repeated for any subsequent 
layers. Since the above-described methods only create a thin gas dielectric 
structure 202, 204, 206 adjacent to wire 1 37 and/or via 1 38, there still exists 
sufficient dielectric layer 1 20 material outside wire 1 37 to provide mechanical 
stability for improved reliability during operation, e.g., thermal cycle reliability. 

[Para 29] While this invention has been described in conjunction with the 
specific embodiments outlined above, it is evident that many alternatives, 
modifications and variations will be apparent to those skilled in the art. 
Accordingly, the embodiments of the invention as set forth above are intended 
to be illustrative, not limiting. Various changes may be made without 
departing from the spirit and scope of the invention as defined in the following 
claims. 
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